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Secondary Organic Aerosol Formation
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Modeling Secondary Organic Aerosol Formation

Yield = Cpom (µg m-3)/∆[VOC] (µg m-3)

Yield = ∑Yi = ∑bi [1 + MpomγPi
o/RTCpom]-1
Ai mass yield

Fraction in particles

Ki = RT/MpomγPi
o

bi = ai[MWAi/MWVOC] (mass yield)
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VOC + oxidant

ai = [A1g + A1p]/∆[VOC] (molar yield) 

more gas- and particle-
phase reactions



SOA from Reactions of 
Aromatic Hydrocarbons



Major Organic Compound Classes

Aromatics
(toluene)

Alkenes/Monoterpenes
(α-pinene)

Alkanes
(n-decane)

Models
(using Caltech SOA yields)

Major source 
of urban SOA

Major source of 
global SOA

Urban Areas 

Alkanes ~40%
Aromatics ~20-30%
Alkenes ~10%
Oxygenates & Unidentified  



Lifetimes

Hydrocarbon OH            NO3 O3

n-decane 1.1 d 240 d          >4500 y

toluene 2.1 d 1.8 y           >4.5 y

α-pinene 2.7 h 5.4 min          4.7 h

[OH] = 12-h daytime ave. = 2.0 x 106 molecules cm-3 (0.08 pptv)

[O3] = 24-h ave. = 7 x 1011 molecules cm-3 (30 ppbv)

[NO3] = 12-h nighttime ave. = 5 x 108 molecules cm-3 (20 pptv)

Atmospheric Chemical Lifetimes of Hydrocarbons 
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Oligomer Formation
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Project Objectives

• Identify and quantify first- and multi-generation gas-phase
and SOA products and rates of formation from OH radical-
initiated reactions for the following systems:

toluene m-xylene p-xylene 1,3,5-trimethyl
benzene

CH3C(O)CH=CHC(O)CH3

R1CH=CHR2CH=CHR3

• Effects of NOx

• Effects of humidity, particle acidity, ammonia, other VOCs

furan

O
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Experimental Apparatus & Methods 

Environmental Chamber (6-8 m3)

Pure Air  
VOC (aromatic or other)

Seed Particles

CH3ONO + NO + light
Alkene + O3

H2O2 + light Flow Tube (180 cm x 30 cm) 

OH

VOC (aromatic or other)

OH Source

Seed 

Particles

Pure AirMixing Chamber

Blacklights 

Blacklights 

On-Line Analyses
• Thermal Desorption Particle Beam Mass Spectrometer (particle composition & volatility)

• Atmospheric Pressure Ionization Tandem Mass Spectrometer (gas composition)
• Ion Trap Mass Spectrometer (gas or particle composition)

• Scanning Mobility Particle Sizer (particle number and mass concentrations)

• Thermodenuder (volatility)

Off-Line Analyses
• Denuder, Tenax, Filter Sampling with Gas and Liquid Chromatography-Mass Spectrometry



skimmers
nozzle

aerodynamic lenses

quadrupole
mass spectrometer

turbo 
pumps

vaporizer
(rotated 90o)

LN2 Dewar

orifice

particle relaxation tube
power 
supply 

PID

computer 

thermo-
couple

Thermal Desorption Particle Beam 
Mass Spectrometer (TDPBMS)

Environmental Chamber 

or Flow Tube



SOA Mass Spectra and 
Desorption Profiles from
Pentadecane + OH/NOx

n-pentadecane
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SOA Desorption Profiles from 1-Tetradecene + O3
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Atmospheric Pressure Ionization-Tandem 
Mass Spectrometer (API-TMS)



• 7000 L Teflon chamber
• [aromatic]0, [CH3ONO]0, [NO]0

= 1ppmv
• 19-27% aromatic reacted
• [NO2]f = 0.4-0.8 ppmv
• [aromatics]: Tenax w/GC-FID
• [carbonyls]: PBFHA derivatives

from coated XAD-4 resin
denuder, solvent extraction,
GC-MS with positive CI.

• All predicted 1,2-dicarbonyls and
1,4-unsaturated* dicarbonyls
detected

• When scaled to literature yields
for 1,2-dicarbonyls get ~60-70%
mass balance

Gas-Phase Carbonyls from 
Aromatics + OH/NOx



XCH3C(O)C(CH3)=CHC(O)CH3

XCH3C(O)C(CH3)=C(CH3)CHO

aaHC(O)C(CH3)=C(CH3)CHOa

XXCH3C(O)CH=CHC(O)CH3

XXXCH3C(O)CH=C(CH3)CHO

XXXCH3C(O)C(CH3)=CHCHO

XXXXHC(O)C(CH3)=CHCHO

XXXXCH3C(O)CH=CHCHO

XXHC(O)CH=CHCHO

XXXCH3C(O)C(O)CH3

XXXXXXXCH3C(O)CHO

XXXXXX(CHO)2

1,3,5-1,2,4-1,2,3-p-m-o-

trimethylbenzenexylenetoluene
ring-opened product

Identified 1,2-Dicarbonyls and 1,4-Unsaturated Dicarbonyls
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Expected Results

• Identity and quantity of gas-phase and particle-phase
reaction products and rates of formation for aromatics + OH

• Effects of NOx, humidity, particle acidity, ammonia, VOCs

• Quantitative gas-phase reaction mechanisms

• Quantitative particle-phase reaction mechanisms

• Estimated product vapor pressures

• Models with reaction mechanisms and vapor pressures
compared with laboratory results

• Experimental and modeling results provided to scientific
community for development of regional and global models
of atmospheric chemistry of aromatic hydrocarbons and
SOA formation


